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(57) Abstract: An electrode leading to an excellent charging/discharging cycle characteristic and a high energy density, and a cell 
_ are disclosed. The cell comprises a wound electrode body (20) on which a positive electrode (21) and a negative electrode (22) 
are wound with an electrolyte -impregnated separator (23) interposed therebetween. Lithium metal is precipitated on the negative 
qq electrode (22) during charging. The capacity of the negative electrode (22) is expressed by the sum of the capacity component 
attributed to absorption/revelation of lithium and a capacity component attributed to precipitation/dissolution of lithium metal. The 
positive electrode (22) has a mix layer (22b) containing a powdery negative electrode active material. The mix layer (22b) exhibits 
a liquid absorption property that when a drop of 1 jbt dm 3 of propylene carbonate is made to fall at 23 °C, the angle of contact of the 
mix layer with the propylene carbonate drop becomes 10° or less within 100 seconds. Thus, the electrolyte soaks in the mix layer 
(22b) rapidly and uniformly, and lithium metal precipitates uniformly on the whole mix layer (22b). 
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v&—frnm<Dmm{k\zm?zwftm&wte2tiT i gft m^t. Lithium 

Batteries, Jean-Paul Gabano ,fjf, Academic Press, 1983, London, New York) „ 

£.zLz>&, u^»j7A— &mmfe, ftMm&mvmLf£m<Dmm®m(D / £fc&± 

uf^ctfa^j: «k * ^s^^ i © si tc «t o n $ n § - & m tc 
izmmvtz. mmteMm 01/22519 ai nz/yw hmm) . jinit tsicj 

s-fraffi^a^afcfcsftT^s. #hi§¥i 0-27001 6-ff&$gT?«, 

tssffic WfciJH* if&ia^sctfc.kD *® k %> n % mwimm & irj± 
si**^**, ^^c#is¥i 0-9786 3*f&$BT?ra\ mm^^mm^mm-r 
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LfrL-fcj&«&, #i¥ 1 0 - 2 7 0 0 1 6 ^&f^C|!i§^£nfc#&T«, MM 

0-9786 3^^jdn^$nfc^rs-ctt, nm<DWLmmm&fo±'v 

*ftm*fofr2>fflm&\zl&&T fits nit -eogWtt, 2fc4fe*lM 

t t 5 o 

3°C\z33^T7u¥U>lJ--tf%—h 1 n dm 3 £MT Lfc^fc, :/nh°l/># 

*^B^HJ;5«ltl^ IE tB $5 Itt^f^fefeCT^oT, 
2 3*Cte^ViT^n hf — hl/i dm 3 Sfi&TLfcRIU::, 7n tr^> 

m x * e» ft § 0 

31 1 Bite, ^o^j8t^s-^«?a©«^*^-r»fMiii , T?»s. 
fg2 sua, £g 1 sfc^Lfc-^^tfet^^s^nreffifroD—aB^js^LT^-r 
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ltr®IHT&£o 

% 5 mu, ^mm<vmmm 1-7-1-12 ^^«)ftffi(7)^sijji(D#:^^jsi: 
pj:«ht mm t (D mm ^^^i^m-v & %> . 

m 6 mu, ^^m<Dmmm 1-13-1-18 izm&Am<D&Mm<Dfcm^m 
t m.mm 7 m m t <d m m % #tt m t & 3 „ 



fell ^^©IES2 1 it!2 2 — ^ 2 3 lil-LXilHlS 

tlfe#HimS#:2 0 TILTHS. MXU—y!r)V (N i ) 

•^^/O^tlfe^ (Fe) l:<kDi^nT*t), — SSfflWBHaSS nfMWIM 
$tlTV^o tiffil lC0|*lgM-«, «^?M^aA$n-feA°i/-^ 2 3f£^?§£ 
tlTV^o 2 0 «fc 5 fc#mMMfc?tf LT^Itte— fcf-©#fi 

ifii 2, 1 3^n^nEfitstiT^5. 

1 5*<k»lgSfi|f (Positive Temperature Coefficient; P 
TClf) 16i«t, flXtry b 1 7 S^bT^li&Sni. Jliti DTxDtttf 

sn-r&o, «mi 1 ©F*3ffl5tt?&BB^nTv^ 0 i«ii4tt, en*, tar, m 

Tftffi^ 1 4 ii0Si#2 0 t©«^C«I^«li!*^»frs«fc'5 fr^oT^S. & 
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1S#2 0 C0IES2 1 fcteX^S^A (A 1 ) & £<k 0 fcSIEtE U - H 2 5 

TViS. IESU-F2 5te£f:£#«St«l 5 fcigg§£ftS £ £ fcl«k D«?fiai l 4t 
fi^WfcSjSSnt*?), ft® U — H 2 6 teHftfe-ffi- 1 

S2 1I1 #!!7L«\ ^IfiJ-rS— ^©®*^Tt"Slfe**2 1 a©jiill:^l2 1 

^5/im~50;/mgi?SD, X^$-r>Afg, — y *r)Vm$> Z> ^ teX ^ > V 
XfS&af©^S^taDM$nT^5„ ^?WJg2 1btt, 0J*.fc£, IW?8 0 
^m~ 2 5 0 «mf$^ M«&KT&SIE«©&«£^TM8j££nTV>£. 
&43, 1 bOJ¥^-tt, ^^iJJS2 1 bfimm&2 1 a©PiICS^5nT 

^giJJl2 1bteu $|*J£\ J£Si|*JiB (M*.fc£, 5 0giMI^l!3ll& 
^tSSSiftll gS&t) 2 8 0mAh^±©Mi§Iffia^O 
U^^AS^tf ^tW^TS D> 3 5 OmAhH±®Mi$ltBS^0iJf 
#A $L^„ ioT, t Ltfi, WAH 

^itt. 'Jf^Aitt^^^H'J ^A£^ifMF B ( Hb'n#J&i:® U ^H>A^- 
^b^dtifiST?* 0, ^nB©2®J^±$H^L,Tffl^T ! feJ;^ 0 

^j^^i^< -rstcitt, — iig^L i x mo, Ti$n§ u ^v&tiL&wtikya 

^IWSK, (Co) , ~>yir;i/, (Mn) 

#c, TJPSx^A, /t^v^A (V) ^ (Ti) ©5 %<D4>&< £ 



WO 2004/001880 PCT/JP2003/007702 

6 

i Mn 2 0 4 , *SV>fci:fry tf>S!JlSffi*3i**-r«)L i F e PO, fti'fel^x 

fib, U^^Att, ^TbfeIE@^#jM^6^:T«l^$n^^^«73:< , $1*. 
«\ M2 2lZV<n7&&mm&9&Q&t>1£Z>Z.i:'e, «*f*3© U 3^A-f :*-> 

fcO 2 8 OmAhKloMStiffiS^OU^^A^tn^il/^ £©« 

o °c © m m ft m xm^t %> z. t iz * d ii $ n § „ 

^^ry^x^^^y^^^c^ss^^^sn, © -5 % © i a * rc « 2 m & 
t£&mttw& % ^ iizmn&ftft^ttmfe £ s « ^ & ^ 5 ^ b x & ^ v> „ mmm t 

U}±U>z?3L>zf&fe £©-&/&:□* A > S; fc fcfcstf U 7 y lb If - U £ © iS$H* 

#*f^W6n, ^©5-fe© lS*fc«2 5ffl&_h#iI-&bT/Bl>S*l-5. 

A@2 2tt, fll&fcf, IES2 l<h|W[^^, ^[Rlt-*— *f©®*^T*TS^«#:2 
2 a<DM®fc^j!fJS2 2 b^SSttSnfe«l3fi**bTViS. fc*5, EfTKfcibfcV* 
^\ It^2 2 a ©JtM©<^fc£-?r!jJS 2 2 b 5 ClTfci^, 

— y $-;p$g & § v> ttx ^ > vx m& ^ ©^jsm t «fc o s nr e 
xu^nm2 i b £i^i©ijt5tgij£^T«j&$nT^.5o ^-^J«2 2b©j?^ 

$];U3\ 6 0 Mm~ 2 5 0 jCim-zr&^o £©J¥#-tes 2 2 bJ&t&fltft: 
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2 2 a ©MMfclfttt 5 *ITV> ^O-^ft © J¥#-T& § . 

litiTH mmm&2. i o g /cm 3 ^±o%©wsb<, 

2. 1 8 g/cm^lCfeiDTSna^DlifSL^o ft*, E®«fc "5 

(0 0 2) lOCiiif)fMU4. OnmK±TS§'i« 
^•Zffe^c Sfc, ( 0 0 2) MCDM^PS^O. 3 4 0 nm*lTS§ilt^fS 
b<, 0. 3 3 5 nmJ^i: 0 . 3 3 7 n mJ^TGDiSffl |*n?& n««k 0 £F £ b V> 0 

09;Lfc£, ^l:0UTi$ (N 2 ) &fo^Stt^xii*l;*^t3 0 

0t~7 0 OtT^ftb> S^lt~l 0 0°CCDji.KT9 0 Ot~l 5 0 OtS 

-vg-nvTZLoum&omm-s o m$nm%mis ®Lm-t % t.mz., 2 0 0 or 
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m,fi}lsfz.mM£f£ 0> ^©©%|U5 0 O'C£*±T?0'f*:©&*m)B#, T&fe^-fe 
^/*+HJ>, 7^7i^>, *il//^/-JK 7^Uy>, 7iti?>, 7it> 

m & & v> temmm t u % /t-r \l v ^ t & jg-& l t^m l & © % , ^ © j&m 

§ 0 £oi§-£icte, y^=5f— (n — zx) i/x-f tfyg=-tSM 
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HMMtt^i: bt«, (0 0 2) McDMWPS^o. 3 7nmPii, Jt^S 
#1. 7 0g/cm ! *|Ti5§^(; ( £ 5k IU&#i&r (differential 

thermal analysis ;DTA) fc* V>T 7 0 0 "C^± tefB8& tf — Sj^Sfc t> 

W'Mi-^iiiiaoisn^. ^i:jsi;t3 0 ox: 

~7oot:mifc (Hffi^stfbifig) co-fe, nft 1 "c- 1 0 o<c©3»t 9 

0 0°C~ 1 3 0 0 c C^T#®b, u©M§0~3 O^piffliSft^-rSJlt^J; 

ffl^JS3pft^s*r«l^i: Ltit u ;i/T;i/3-;i/«,^v^tt7 

£fiJJ3Lfc/W^iz;Pn-xiS£m^££kT#& ( , Hfc, 7K»JKT (h) t 

E*<iPtIC^ (C) tCJITSltH/CWJ^aO. 6 — 0. 8 Tf*S5Jfttf y^fc 
(O) £^tmtiS£#A (V>fc>W>£l&5lSa!*S) Si3rfcft-&^Sffi V^S C i 

£<zHt^^fc&tt&^iit©^w§m3 %^±ts§;i)0Wtt<, 5 %&,± 

^Sntict (#W5p 3 - 2 5 2 0 5 3 ^^ffi#Sg) o 

& ft & 55 «>«5£ Affi2 2©g*£ftJt$ii:SJ:£#tT^5a>5Ta&5. 
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ift fc e *mu*vmftmir & ^ t \z & 9 n s * $&m77;^!5: 

itt, ^M4l[^K&SVittc:n5ojlBfeJS:£©7K»«t5?ftt!y? 
om, &M¥3 - 1 3 7 0 1 0#&$|fc:SB*£nTV>£ >J > (P) tSii^i 

£©<fc3fc&«7G*&5Vifct¥&m7n*«£: Lift XX (Sn) , ft (Pb) , 
^S-^A, -f (In) , ^r<* (Si) , Jg$& (Z n) , 

> (S b) , h'XYX (B i ) , fj F5 (C d) , T^v-^A (Mg) , 
*^?St (B) , ^U-^A (Ga) , y^T-^A (Ge) , tig (As) , |g 
(Ag) , i?)\,3~tr& (Zr) , -fyhU^A (Y) - $fcttA7-!?A (H 
f) Wm-f&n&o Cft 5 ©£-&a&£V* #iJ;U£\ -fb^Ma 

s Mb, L i u , $*^aft^Ma p Mc,Md, T?S$n5"feO^Jjf5ti5. 
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dnsfb^fc^T, Matt u a £&&&Mj%~nsmt£&m7um$> &zf¥& 

M7nm(D-o-t>(D'J»f£< ifelffi^gl, M b tt>J ^^A^^tXM a^^©^M7U 

fel®^*-To Sfc, s, t, u, p, q&£tfr OtKftfns > 0 , 

0, u^O, p>0, q>(K r^OT&So 

z(D&5fe&&&zw$fc&to\z^\,*TMtfc&>\zM&mfnit, liai, a 

lSb, CuMgSb, SiB 4 , S i B 6 , Mg,Si, Mg,Sn, Ni, S 

1, TiSi,, MoSi,, CoSi 2 , NiSi 2 , CaSi 2 , CrS i,, 
Cu 5 Si, FeSi,, MnS i,, NbSi 2 , TaS i,, VS i 2 , WSi 
2 , ZnSi 2 , S i C, S ijN,, S i 2 N 2 O, S iO, ( 0< v ^ 2 ) , S 
n O w (0 <w^ 2 ) , SnS i0 3 , L i S iOSS^SL i S n O 

& o 
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^A^lig^ttUffilW^ F5<>j (SBA G 1 1 0 1) fc|B«$n 
SKIS • MiJBi^ffi^Affi^C^KoiSIWtefeU^^A^JR^WarsoW 

«v ^ASRii • «tjffiRrti3&:^s*r#^fc«fcs u Maoris • m^^m 
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5=- ^ a © s&b • ^ts^fg # % & £ u ^ ^ a & jpg <d ffi mm umm \z />& < & 
feT9te«bfci$©SM*j&>e3fc#>e>*i*. ftW-moM^sit^te, 

ittfte (I3g) *si o o#^i^^ i oae&Ttefc£££T?^sns!R«*H4 

•grSiJB 2 2b fc3fe*&Sif\ U 9^ A^M^-fcflrffi 

^-^ijm 2 2 b tenmm%mmfr~Df%-\zm&&^z>j3&£: ixft ^ 
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2 b oiI#tt^±fB© i 5 ii t H <fc D , AM* 

-a-^JS 2 2 b©flcStafS«, +^^X^.;l/4=-Sg^i£#J5fctt, 1. 5g/ 
cm 3 ^±it§uiWSl<> 1. 6 5 g/cm 3 ttn«±-Dj?*b<, 
1. 7 5g/cm 3 itn(Ht:ff^L^„ &$5, ftIffiftItlTKW4§ 
Jl^£ii-£\ ^**f^©H«&©StafS«ai8rffiT2. 2 6 5 g/cm 3 T^§© 

-5 &cM©fetf>£^A,Tr^£ £ ^*f!lJI 2 2 b fc33tt 

^8&it&fcJ:gc5$;2T?^£ns. 

(§&:£2) 
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mm%=2 (s/n) 1/2 
5£* n an^^st. 

GPa£t±t?»5feOW$b^. 73:43, ^ffi«4l>»03t®©— M izfcMW'&m 
1 4 G P aKlC^oT^Tfeilio 

1 4gp asx±(DMmmmmt its, ^i^^^-f -v ; &> f^m 

*^<D#^ll5ti«> StJIMtt^i^ XX (Sn) (Zn) atag 

&nm&&m* sfcttiftyj^^^A (ai,o,) , mt^-^y (tio 2 ) 

TfeiUU. CVD (chemical vapor deposition ; te^MfflfiScS) 
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sarr s m s§ * t mu-? z> c: t a*-*? ^ s ^ e, t? & % . 

fciSMTf^Cft:, Kits t^^fc^o&^WIIifc&KSE^L^ftSlifc^-rsiS' 
^t v ^©t>©4f ViSHi^TtS. ifi lit IMi:fc«jg 

x & Krt* s f£iS&c £ ffi ^ x fe <£ . 

fflUcj; DtHJ&^nx&D, Cine. 2«&±©^ftRJK£5«»L;fcJ8&££nTV> 

y ^^>MtJ;5«Jl!!oSij4lRl±S05 Jit^tl)©TlffSb^o 
^UX5Pl/>teu 1 0 0 TCfiU: 1 6 0 "CSlTvmmfiSlZ&^Xzssr v b 5? 

<ga?fSft»i«tbT«, fll&fcf, ^^7>, 5 s * U>, p-^yl/>, 

•j? > -5* # > & s v> gj a° 9 7 ^ > & £ o mm m&m km s & « stis © ^ ^ * m 

mm<D^Wr^ 1 0 0 Ii% iLT, #Utl'7^ >M4^ l 0»S%J^_L8 0 

^- k 7 ^ > & j$ <k? & -r ^ & t » j&m Bt ^-r x m □ t? jkih & s ^ « * y 37 -r 
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^XO«^, ^^y^tt^AttO. 1 mmfil± 5 mm^T t tS C t W$ l/H. 
±3 0 cm/^TitSCiWSm. 

$zmw&&&. lv*. ^u^-^^^ >ia^#i©a^(c i o°c^ 

^js $m t & z> l , mm u tt^mm ft § r a? 

it. ^>$>>, ^\^r-y->, ^ 7^ as, ^^^i/>, mmtmm 
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m^onmi&m m^mm^v Jrvyj >m.j$m 1 o o it^Etut 1 mm^ 

MZ.lt. #7K^^%J: D&D^ 2 5 °C lz£> mm 
f^JS^lO. OmPa- sKT©fe©Sf5„ bfc^tSlT 
©SfWno. OmPa • s £AT© *iM©#7,Mb^£?g 
^rLT^S^«^-r§±J^-fc«, ?l^Lfe«*jT(D@^^Jg^i o. OmPa- 



^I/>#— tf;^— K t£x^># — 2j$:fc — h, t,;v^7>^, r-r/^n^h 

# — stf^ — K l, 2->?^h^->x^>, i, 2-i?ih^>^>, 5=- h ^ 
x;I/7}n^>, 2, 4-^7DMn7-v-JK 2, 

KT, $ £>fc«2 0^g%^T-£?&£££#^£Lv> o 

'J^^AltLTtt 011*. fcf, LiPF fl L i C 1 O,, LiAsF fl Li 
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B F 4 , LiB (C 6 H 5 ) 4 , CHj SO s Li, CF,SO,Li, LiN (C 
F 3 S 0 2 ) 2 , L i C (C F 3 S 0 2 ) 3 , L i C 1 fcS V>teL i B r J&^tfkifU 

U? 1 ^ AftO^S tt»j3jEfc*fbT0. 5mol/kgR±3. 

Omo l/kgKTCifflft^SS^t^SL^. 21 ©tSH^Tte-f :t>fc2» 

it * Kpo Sf^^b^ S Ji § d t £ b ^„ ft? f:Mt§ SJ^T'fbfriJ © 

as ins**, PStoffijSttti^tfesas^ ®sr, iii«5ii%~5oi 

U ^©iES-n-^J^N-^^ 1 ;!/- 2 - tfn U F>&£cD^$!H^ffcbT<— X h 

giJ£f£$l$l±fc0-£, n-J^l/Xlf^'CJ; r)!£mmm^T^MM2 1 b £^ 
J&b, jEH 2 1 
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2 2 a \zmm ^ mm ^^m^^fc<D^, n-ji^uxmfcaiz&v&ms&mvT 

2 2 b©M#tt£»PT£<, 

iffiV>T, mnW2 1 a^IESU-H2 5 SjgMgfc E\z £ D 0 tffrS 
**#2 2 a {CAHU- F 2 6 £}§S&<HK:£ D# -€-O0D"fe, IE® 2 

1 tft|2 2 <h£-fe/\°l/-^ 2 3 ^lTi@L, MU- H 2 5 CD^cS^S^ 

±&mm 1 5 iiu-F2 6 ovcmzmmmi 1 

T, 2 1 :fc<k^Jtg 2 2 ^—MomBU 12, 13 T^^m*^ 1 

1 ©ftglHJUKIflTSo IES 2 1 2 2 ^mftfefr 1 1 (D\HmzW.mhtc(D 

^o-^H?fe«^:(D «fc 5 

±ms-# 2 3 c^ssnfctiis^ut, **r, ^Ji2 2bttsft§u 

otiaiL, ir^I^ — ^ 2 3 fc^g$nfc«A¥5l*^LT, ^|J|2 1b!iK 
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fti2 2C^J!2 2b^ 2 3 °C (C^V^T^n tf V 
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